The main product of a process of titanium oxidation is titanium oxide, which covers the titanium surface. Moreover oxidation in fluidized bed in temperature range of 600-700°C influences on outer layers of titanium specimen, where a diffusion layer of oxygen is observed. Microstructures of titanium with visible oxide coatings on its surface after thermo-chemical treatment are described. Microhardness measurements of titanium surface layers after oxidation process were made with a Knoop microhardness tester and showed significant differences according to oxidation parameters. Finally, the surfaces of titanium after oxidation in fluidized bed were scratched in aim to measure their adhesion to the substrate surface.
INTRODUCTION
Biomedicine is intensively developing and use of titanium and its alloys in the field of reconstruction of damaged anatomical structures increases. A need of searching new, better biomaterials for implants [1] and medical tools is being realized for example by testing new titanium alloys [2, 3] . But often a production of a new alloy is very expensive, so researchers trying to find a proper surface engineering method to improve properties of pure titanium or popular titanium alloys, such a Ti6Al4V [4, 5] .
Implants are working in very aggressive environment, which is human body, and they should have good corrosion resistance and biocompatibility. An oxide coating produced in titanium oxidation can ensure these properties [6, 7] .
High oxygen affinity to titanium makes that this material is easy covered with oxide TiO 2 coat (even at room temperature), which is stable and very adherent to the surface. The coating existing in room temperature is very thin and not provides enough surface protection. At high temperatures titanium oxidizes very fast, and it results in thicker, but often porous or cracked and not enough adherent to the surface oxide coating [8] . The trend is to combine advantages of high and low temperature oxidizing of titanium using for that reason various treatment methods.
Effects of titanium oxidation depend mainly on process temperature, but the time of oxidation is also important. The dependency of oxidation parameters on oxide coating adhesion is shown in figure 1. Fig. 1 . The correlation between oxidation parameters and adhesion of oxide coating by Jenkins [5] There are very little notifications about treatment in fluidized bed furnaces. In this paper examination results of produced oxide coatings and diffusion layers in process of titanium oxidation in fluidized bed are shown.
EXPERIMENTAL PROCEDURE
Test specimens were cut off from technical pure titanium (Ti grade 1 -ISO 5832-2, ASTM B 265-99) sheet thickness 2mm. Chemical composition of used titanium is shown in table 1. Before oxidation titanium samples were polished using 1000 grit SiC abrasive paper, followed by degreasing with ethanol. The titanium oxidation process in fluidized bed was carried out in air atmosphere using parameters shown in table 2.
After oxidation process samples were polished and then were etched in reagent composed of: 2 % HF, 2 % HNO 3 , 96 % H 2 O.
Microstructure observations were performed in a light microscope Axiovert 25 combined with digital camera Sony Fd Mavica. The effects of oxidation on changes in microhardness of titanium diffusion layer were specified by the Knoop microhardness test using tester type FM-7 Future Tech Corp. The load amount was 98 mN, and load time was 6 seconds.
Adhesion measurements and other symptoms of mechanical damage were performed by a scratch test method on REVETEST machine (CSEM). The load increases from 0 to 100 N with a load speed 100 N/min. The test intender was a Rockwell C type, which moving speed was 10 mm/min.
RESULTS AND DISCUSSION
In aim to compare effects of oxidation process parameters there was photos of titanium microstructures taken. Metallographic observations allowed to find that oxide coatings produced by oxidation in fluidized bed in temperature range of 873-973 K can much differ in thickness ( fig. 2) . In the same time of oxidation, coating obtained on titanium surface treated at 973 K is about 4 times thicker then this obtained at 873 K. Effects of oxidation at temperature 923 K in 5 hours time are similar to effects after oxidation at temperature 873 K, but in 5 hours longer time. Moreover thickness of coatings produced at 973 K, 10 h and at 923 K, 10 h are comparable too. Therefore can be stated that temperature and time of the process have great influence on coating growing speed.
Oxidation of titanium not only influences on the surface, but during this thermochemical treatment diffusion of oxygen into titanium is running too. Processes of diffusion causing a rise of strength under the coating, because of increased concentration of oxygen in titanium. How deep from the surface diffusion has its influence can be measured in microhardness test. The greatest strengthening is near the surface of oxidized titanium and decreases when the distance from coating-titanium interface is bigger.
Fig. 3. Microhardness profiles of diffusion layers after titanium oxidation in fluidized bed
In figure 3 results of microhardness measurements are shown. The oxygen diffusion in used times is not very intensive process. Maximum determined depths of oxygen influence on titanium substrate is about 13÷14 µm after oxidation in fluidized bed at 923 K for 15 hours. Oxidation in the shortest presented time caused that diffusion layer is only 7 µm deep. Moreover 10 hours oxidation at temperature 873 and 973 K resulted in production of comparable diffusion layers thickness. In these process parameters increased concentration of oxygen was specified to about 10 µm from the titanium surface. Very interesting is that the deepness of oxygen diffusion penetration into titanium, in used oxidation temperature range, depends mostly on time of the process and temperature is much less significant parameter in this field. Determining of critical loads L c1 , L c2 and L c3 for TiO 2 coating was possible only for titanium oxidized in temperature 973 K for 10 hours ( fig. 4a) . On the rest of samples coatings are too thin and undergo a perforation from the beginning of the scratch test. Because of too big loads for such a thin coatings, and problems with determining critical loads for all specimens, it was suggested that the best for comparing coatings adhesion will be the force of first observed spall near the scratch. The best results were obtained for coating produced at 923 K after 15 hours of titanium oxidation. A "gray" layer can be described as diffusion layer of oxygen in titanium. Load values are related to thickness of these layers. The thicker is diffusion layer the bigger load was needed for complete remove of it.
CONCLUSIONS
Thickness of TiO 2 coating can be controled by temperature and time of titanium oxidation Time of oxidation process in fluidized bed is being major factor for diffusion layer thickness at used parameters.
